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ABSTRACT 


The propagation of radio waves is affected by many reasons and the foremost reason is the medium it travels through. The properties of medium cause attenuation in 
the transmitted signal. This paper explores the effect of different materials on the propagation. Materials like metal, RF absorber, wood, plastic, PTFE sheet (synthetic 
plastic polymer) and fiber reinforced plastic (FRP) are placed between two pyramidal horn antennas at X-band (8GHz to 12GHz). Phenomena like reflection, 
refraction, diffraction and absorption affect the propagation of waves. The paper propounds the effect of these materials on the signal received at the receiver antenna. 
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I. INTRODUCTION: 

Radio propagation is an important aspect in any radio communication system. It 
is the way radio waves travel or propagate when they are transmitted from one 
point to another. It depends on many factors and the choice of radio frequency 
will determine many aspects of the radio propagation for the radio communica- 
tion system. The medium through which the radio waves travel and the various 
objects that may appear in the path affect the propagation of radio waves and the 
quality of the received signal too. When radio waves travel through a material 
medium, they are attenuated due to the material's permittivity and permeability. 
Reflection, refraction, absorption and diffraction may take place. The received 
signal may also be a combination of several signals that have travelled by differ- 
ent paths. These may add together or subtract from one another. And in addition 
to this the signals travelling via different paths may be delayed causing distortion 
of the received signal. 


For this paper, radio waves are propagated through different materials at the X- 
band, and the effect of these materials on the waves is recorded and studied. 
When a metal sheet is placed between the transmitting and receiving antennas, 
the radio waves are reflected and absorbed. This happens because metal is a con- 
ducting material and conducting materials absorb radio and electromagnetic 
waves. The attenuation because of metal is therefore very high. This attenuation 
affects the power received at the receiver antenna. The second material placed 
between the two antennas is an RF absorber (absorber). An RF absorber is yet 
another highly absorbing material. The power received at the receiver, when 
propagated through the absorber is less and quite similar to that of metal. The 
third material placed is wood. Wood is a non-conducting material. It has a mini- 
mal effect on radio waves and absorbs radio waves to some extent. The attenua- 
tion caused by wood is very less as compared to metal and sponge, the power 
received by keeping wood in between is comparatively more. The fourth mate- 
rial placed is a plastic container. Plastic again, is a non-conducting material and 
hence it is not likely to interfere with the radio waves. The attenuation caused by 
plastic is very less. Power received is more than the conducting materials. The 
fifth material placed is a PVC plastic sheet. The resultant power observed is fairly 
similar to that of plastic container. Lastly, the sixth material placed is fiber. Since 
fiber is also a non-conducting material, power received when propagated 
through it is quite similar to that of wood. 


IL EXPERIMENTAL SETUP: 

Two pyramidal horn antennas are mounted on turntables Im apart. Both the 
antennas are fixed at an elevation angle of 90° facing each other. The transmitting 
antenna is fed input through a signal generator of frequency range 9kHz-40GHz. 
At the receiving antenna, spectrum analyzer of frequency range 9kHz-13.2GHz 
is attached. The material is placed in the exact center of both antennas. Transmit- 
ting antenna is applied a frequency of 8GHz with power of 30dBm. Radio waves 
are transmitted in the direction of the material placed in the center. Depending on 
the material's property, the radio waves are absorbed or reflected, and these 
waves are then received at the receiver antenna. 8GHz of frequency and a span of 
100MHz is applied to the analyzer and the power received is recorded by the ana- 
lyzer. Same procedure is carried out for different materials at different frequen- 
cies of X-Band. The materials used in this experiment are: 
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Figure 1: Metal 
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Figure 2: Absorber (Sponge) 


Plastic 
Horn Antenna Horn Antenna 
(Transmitter) — ra . q (Receiver) 
Signal 
Generator sca 
Analyzer 


<a, +22 


Figure 3: Plastic 


medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-NonCommercial terms. 
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Figure 4: Wood 
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Figure: 5 FRP 
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Figure: 6 PTFE 
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IIL. OBSERVATIONS: 
Experiments of different materials at different frequencies are carried out. The 
observations are as follows: 


Frequency Metal RF Absorber (Sponge) Plastic 
8GHz -29.36 dBm -29.44 dBm -1.87 dBm 
9GHz -19.13dBm -19.34 dBm 1.97 dBm 
10GHz -12 dBm -13.81dBm 3.18 dBm 
11GHz -18.79 dBm -19.34 dBm 3.5 dBm 
12GHz -22.24 dBm -22.47 dBm 1.14 dBm 
Frequency Wood FRP PTFE sheet 

8GHz 0.43 dBm 1.11 dBm 1.65dBm 
9GHz 1.85 dBm 2.84 dBm 2.69 dBm 
10GHz 2.64 dBm 3.47 dBm 3.65 dBm 
11GHz 1.8 dBm 3.49 dBm 4.09 dBm 
12GHz 0.16 dBm 3.06 dBm 2.06 dBm 


IV. CONCLUSION: 


Radio waves are propagated through different materials. Attenuation caused by 
metal and RF absorber on the propagation of waves is observed to be quite simi- 
lar. Metal is a conducting material and hence it absorbs and reflects most of the 
waves. However, the effect of wood, plastic, PTFE and FRP is observed to be 
comparatively less since they are non-conducting materials. 
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